It is well known that congenital hypothyroidism can cause hearing loss. However, conflicting results were found in studies investigating hearing functions in acquired hypothyroidism. Therefore, we evaluated the audiometric findings in patients with acquired hypothyroidism. Material and Method: The study included 58 patients with hypothyroidism and age-and gender-matched 34 healthy controls. Twenty eight (48.27%) patients had subclinical hypothyroidism, and 30 (51.73%) had obvious hypothyroidism. All subjects had a normal otoscopic examination and tympanometry. Pure tone audiometry at 250, 500, 1000, 2000, 4000, 6000, and 8000 Hertz (Hz) was performed in both groups. Blood pressure measurements and the levels of plasma electrolytes, lipids and vitamin B12 were available in all subjects. Results: Hypothyroidism group and control group were similar with respect to systolic and diastolic blood pressures and plasma glucose, lipid, vitamin B12, calcium, sodium, potassium, and chloride levels. Significantly higher audiometric thresholds (dB) at 250 (10 (0-45) vs. 5 (0-15), p<0.001) and 500 Hz (10 (0-40) vs. 10 (-5-15), p=0.003) were recorded in hypothyroid patients compared to that in healthy controls. Hearing thresholds at 250 and 500 Hz correlated positively with thyroid-stimulating hormone (TSH), and negatively with free triiodothyronine and free thyroxine. Subclinical hypothyroid patients had a higher hearing threshold at 250 Hz than healthy controls (p=0.001). Discussion: Our study demonstrated that hearing ability decreases in hypothyroidism, even in subclinical hypothyroidism. The changes in TSH and thyroid hormone levels seem to be directly related to the hearing loss in this population of patients.
Introduction
Thyroid hormone is essential for normal development of auditory system (1) . Thyroid hormone deficiency during fetal and early postnatal thyroid hormone-sensitive periods of inner ear development results in various degree of congenital deafness (2) . Hearing loss has been reported in 30-50% of patients with congenital hypothyroidism (3) . The treatment of thyroid hormone deficiency is recommended to be initiated before the age of one year (4) . Thyroid hormones acting through thyroid hormone receptor-ß initiate myelinogenesis of the cochlea and vestibulocochlear nerve (5) . Additionally, expression of cochlear motor protein prestin, which regulates outer hair cells' functions, has been shown to be reduced in the absence of thyroid hormone (6) . Although the relationship between congenital hypothyroidism and hearing impartment is well established, the results from the audiological evaluation of patients with acquired hypothyroidism are conflicting. Thus, in this study, we assessed the hearing functions in patients with acquired hypothyroidism, using pure tone audiometry.
Materials and Methods

Study Design and Participants
This study was undertaken in the outpatient clinics of the department of endocrinology and the department of otolaryngology at Ankara Numune Research and Training Hospital between January 2011 and February 2012. The protocol was approved by the local ethics committee. We studied 58 patients with hypothyroidism and 34 ageand gender-matched healthy controls. Out of 58 patients, 28 (48.27%) had subclinical hypothyroidism (elevated thyroidstimulating hormone (TSH) with normal values of free thyroxine (T4) and free triiodothyronine (T3)) and 30 (51.73%) had obvious hypothyroidism (elevated TSH with low free T4). 74% of patients had hypothyroidism secondary to Hashimoto's thyroiditis, and 26% had hypothyroidism due to previous partial thyroidectomy. All patients had newly diagnosed hypothyroidism, and none of them were receiving thyroid hormone replacement therapy. Exclusion criteria for both groups were as follows: previous audiological or otological diseases, ototoxic medicine or substance use, acoustic trauma, ear surgery, perforated tympanic membrane, having a conductive hearing loss or type B or C tympanometric curve, history of hereditary hearing loss, a genetic syndrome, central nervous system pathology (cranial trauma, tumor, infection, or radiotherapy), any electrolyte imbalance, vitamin B12 deficiency, hypertension, diabetes mellitus, coagulation disorders, cardiovascular disease, acute/chronic inflammatory/infectious disease, malignancy, renal or hepatic failure, alcohol or cigarette consumption, and/or pregnancy. All subjects had a normal otoscopic examination and a normal (type A) tympanogram.
Audiometry Test
Pure tone audiometry was performed in a sound-proof booth, using an Interacoustic Clinical Audiometer (model AC40; Assens, Denmark). A TDH 39 standard earphone was used for the airconduction thresholds while bone-conduction vibrators were used for bone-conduction thresholds. Pure tone air-conduction thresholds were determined for each ear at 250, 500, 1000, 2000, 4000, 6000, and 8000 Hertz (Hz). Bone-conduction thresholds were measured at 500, 1000, 2000, and 4000 Hz. Because none of the subjects had air-bone gaps, air-conduction thresholds were used for the hearing assessment in all subjects.
Laboratory Assays
Venous blood samples were obtained for all patients from the antecubital region between 8:00 and 9:00 a.m., after an 8-12 hour overnight fast. Serum TSH (normal range: 0.34-4.25 μIU/ml), free T3 (normal range: 2.5-3.9 pg/ml), and free T4 (normal range: 0.61-1.2 ng/dl) levels were evaluated using the Abbott Architect 2000 device and Chemiluminescence Microparticle Immunoassay (CMIA) method. Anti-Tg (normal range: <115 IU/ml) and anti-TPO (normal range: <9 IU//ml) serum values were evaluated through immunoradiometric assay (IRMA) methods (ICN Pharmaceuticals, USA).
Statistical Analysis
The SPSS for Windows 13.0 package program was used for the statistical analysis of the data. The Kolmogorov-Smirnov test was used to test the normality of the distribution of the measurable parameters. Data were expressed as mean ± standard deviation for normally distributed continuous variables, whereas continuous variables not normally distributed were shown as median (minimum-maximum). When comparing the groups, the Student's t-test was used for the normally distributed subset, and the Mann-Whitney U test was used for the abnormally distributing subset. Chi-square test was applied for comparison of gender differences between hypothyroid group and control group. The Kruskal-Wallis test was used to compare the hearing thresholds among subclinical hypothyroid group, obvious hypothyroid group, and control subjects. When a p-value from the Kruskal-Wallis test statistics was statistically significant, a Mann-Whitney U test with Bonferroni correction was performed to compare the groups two-by-two. Degrees of association between hearing thresholds and clinical and laboratory variables were analyzed using Spearman's correlation test. A p-value of less than 0.05 was considered indicative of statistical significance.
Results
The clinical and laboratory features of the participants are summarized in Table 1 . There were no significant differences between hypothyroid patients and healthy controls with regard to age and gender distributions, blood pressure measurements, hemoglobin, white blood cells, sedimentation, vitamin B12, serum electrolytes, and lipid levels. Hearing thresholds in hypothyroid group were significantly higher than in healthy controls at 250 (p<0.001) and 500 Hz (p=0.003) ( Table 2 ). Median audiometric threshold at 250 Hz was significantly higher in subclinical hypothyroidism group than in healthy controls (p=0.001). Higher audiometric thresholds at 250 (p<0.001), 500 (p<0.001), and 6000 Hz (p=0.004) were recorded in obvious hypothyroid group compared to control subjects. When we compared the thresholds between subclinical and obvious hypothyroidism groups, we found that patients with obvious hypothyroidism had higher thresholds at 1000 (p=0.004) and 4000 Hz (p=0.001) ( Table 3 ). There were no differences between Hashimoto's thyroiditis group and partial thyroidectomy group with respect to audiometric findings (data are not shown). In correlation analysis, TSH correlated positively with hearing thresholds at 250, 500, 2000, 4000, and 6000 Hz, while free T3 and free T4 correlated negatively with pure tone audiometric findings at 250 and 500 Hz. No correlations were detected between hearing levels and anti-TPO and anti-Tg (Table 4) . Sodium levels correlated positively with hearing threshold at 8000 Hz (rho=0.519, p=0.033) and calcium levels correlated negatively with hearing threshold at 6000 Hz (rho=-0.448, p<0.001). Systolic and diastolic blood pressures, glucose, lipid, potassium, and chlorine levels did not correlate with hearing thresholds.
Discussion
In our study, we revealed that hearing is impaired in patients with hypothyroidism. Additionally, a statistically significant relationship could be established between TSH and thyroid hormone levels and hearing thresholds. Both subclinical hypothyroidism and obvious hypothyroidism were found to affect hearing ability. (9) . In a study by Thornton and Jarvis, (10) it has been reported that according to audiometry results, hypothyroid patients had a greater hearing loss than controls. In that study, 36% of hypothyroid patients had an elevated four frequency (500, 1000, 2000, and 4000 Hz) average threshold. On the other hand, the detected abnormalities in the brainstem auditory evoked potentials in hypothyroid patients were suggested to occur because of low body temperature seen in these patients rather than direct results of the hypothyroidism. In a study in which 70% of the patients had hypothyroidism secondary to Hashimoto's thyroiditis, high audiometric thresholds were recorded in 36.7% of hypothyroid patients and in only 11.67% of controls (11) . The authors did not find any associations between audiometric thresholds and the serum levels of TSH and free T4 (11) . In the present study, we found that audiometric thresholds were higher at 250 and 500 Hz in patients with hypothyroidism compared to that in healthy subjects. Moreover, these hearing thresholds correlated positively with TSH, and negatively with thyroid hormones. Our findings suggest that there is a causal relationship between hypothyroidism and hearing impairment. In subclinical hypothyroidism, studies have shown conflicting results: hearing was either impaired (11, 12) or remained unchanged (7,13) with subclinical hypothyroidism. In our study, hearing threshold at 250 Hz was higher in patients with subclinical hypothyroidism than in control subjects. In obvious hypothyroidism, hearing thresholds were significantly higher than in the healthy controls at 250, 500, and 6000 Hz. When we compared subclinical and obvious hypothyroid patients, obvious hypothyroid group had higher hearing thresholds at 1000 and 4000 Hz. Our findings suggest that both subclinical hypothyroidism and obvious hypothyroidism cause hearing impairment, but it seems that hearing is affected more in patients with obvious hypothyroidism, especially at higher frequencies.
The pathophysiological mechanism of hearing impairment in acquired hypothyroidism is not well understood. Hypothyroidism reduces the cell energy production, which causes a deterioration of oxygenation and metabolism in the inner ear structures, such as organ of Corti and stria vascularis. Additionally, thyroid hormones control production of enzymes and myelin in the central nervous system. Moreover, T4 can act as a neurotransmitter. Thus, hearing impairment in hypothyroidism has been suggested to originate in the cochlea, in the central auditory pathways, and/or in the retrocochlear region (7, 11) . Higher prevalence of hypertension among patients with hypothyroidism may an important predisposing factor for hearing loss since it affects stria vascularis in cochlea which is very sensitive to pressure variations (14) . In our study, no one had hypertension, and neither systolic nor diastolic blood pressures correlated with audiometric findings. Other important risk factors for hearing loss in hypothyroidism are changes in the biochemical tests. Dysglycemia which has been reported to affect the inner ear may cause hearing impairment in hypothyroidism (15, 16) . In our study, all participants had normal glucose levels, and there were no differences with respect to glucose levels between hypothyroid group and control subjects. Since higher audiometric thresholds have been reported in patients with lipid disorders, dyslipidemia due to hypothyroidism may also be one of the causes of hearing loss (17) . By analyzing the results from this study, we found that hypothyroid patients and healthy controls had similar lipid levels, and lipid levels did not correlate with hearing thresholds. It is known that hypothyroidism decreases the intestinal absorption of some electrolytes, such as calcium which affects the synaptic transmission and hearing (18) . In the present study, regarding serum calcium, all subjects were normocalcemic and no correlations of calcium levels with 250 and 500 Hz hearing frequencies were found. Based on all these findings, we suggest that blood pressure and biochemical parameters may not be directly responsible for the changed audiologic tests in patients with hypothyroidism.
In conclusion, our results suggest that hearing ability decreases in patients with acquired hypothyroidism regardless of having subclinical or obvious hypothyroidism. It seems that hearing impairment directly results from TSH and thyroid hormone alterations. However, further studies are needed to clarify the mechanism of hearing loss in patients with hypothyroidism.
